Introduction {#Sec1}
============

Bell demonstrated that quantum theory are not always compatible with other physical theories^[@CR1]^. These theories satisfy so-called local realism and the converse is known as nonlocality. Recently, nonlocality and entanglement have become two fundamental concepts of quantum mechanics. In fact, it turns out that nonlocality and entanglement are different resources^[@CR2]^. In quantum information processing, nonlocality plays a very important role. It has many applications and was studied in many fields, such as complexity of communication, quantum cryptography, random number generation and quantum computation^[@CR3]--[@CR8]^.

As a quantized model for detecting the interaction between the atom and the electromagnetic field, the Jaynes-Cummings Model (JCM) is used in the cavity quantum electrodynamics (CQED) system and quantum optics. JCM has become a fundamental topic in different kinds of fields^[@CR9],[@CR10]^. Many authors extend this model to double JCM and triple JCM^[@CR11],[@CR12]^.

In ref. ^[@CR13]^, a triple JCM was studied. The entanglement of six qubits in cavity QED was studied via the negativity for the tripartite entanglement measure. Two kinds of Greenberger-Horne-Zeilinger (GHZ)-like states was chosen as the initial states and the dynamical behaviour of subsystems of atoms and cavities was studied. For the GHZ-like initial state^[@CR13]^:$$\documentclass[12pt]{minimal}
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                \begin{document}$$|{\Psi }_{ABC}\rangle =\text{cos}\,\theta |eeg{\rangle }_{ABC}+\text{sin}\,\theta |gge{\rangle }_{ABC},$$\end{document}$$it does not exhibit this phenomena, which seems to be more robust from a more practical point of view. In ref. ^[@CR14]^, the genuine tripartite entanglement dynamics was investigated via three-tangle for all the non-interaction three-qubit subsystems in a triple JCM numerically^[@CR14]^. It was showed that the three-tangle ESD occurs for all non-interaction subsystems for $\documentclass[12pt]{minimal}
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                \begin{document}$$|{\Psi }_{ABC}\rangle $$\end{document}$^[@CR14]^. In ref. ^[@CR15]^, they consider three identical atoms trapped in three cavities separately. The results show that both the system of three atoms and the system of three cavities display nonlocality via Mermin-Ardehali-Belinksii-Klyshko (MABK) inequality, if the atoms are in W state and three cavity fields are in vacuum states. On the other hand, when the W state was changed to the GHZ state, the system do not display nonlocality.

In this paper, we study the genuine nonlocality dynamics in a triple JCM. By analyzing the amount of maximal violation of the Svetlichny inequality, we show that the subsystems of three atoms and three cavity modes are genuinely nonlocal at certain period intervals of time when the three two-level atoms are given in a GHZ-like state in triple JCM. By studying the Svetlichny inequality, we obtain different results about the local realistic description of GHZ state in the triple JCM from the ref. ^[@CR15]^. We find that the two subsystems of three atoms and three cavity modes display genuine nonlocality by violating the Svetlichny inequality.

Results {#Sec2}
=======

The model and genuine nonlocality of general three-qubit state {#Sec3}
--------------------------------------------------------------
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In ref. ^[@CR13]^, it has been indicated that the following two GHZ-like states chosen as the atomic initial states$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|{\Phi }_{ABC}\rangle =\text{cos}\,\theta |eee{\rangle }_{ABC}+\text{sin}\,\theta |ggg{\rangle }_{ABC}$$\end{document}$$and$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$|{\Psi }_{ABC}\rangle =\text{cos}\,\theta |eeg{\rangle }_{ABC}+\text{sin}\,\theta |gge{\rangle }_{ABC}$$\end{document}$$the system exhibits different entanglement dynamical behaviour. In ref. ^[@CR14]^, it is shown that the two types of three-tangled states exhibit different genuine tripartite entanglement dynamical behaviour in the process of three-tangle evolution.

Now we briefly review some concepts about nonlocality. Suppose Alice and Bob share a bipartite quantum system in the bipartite Bell test scenario. Alice and Bob choose two measurements *x*, *y* from a set of possible measurements and denote the outcomes by *a*, *b*, respectively. The correlation between Alice and Bob is characterized by the conditional probability distribution $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p(a,b|x,y)$$\end{document}$. The generated correlation is called to be local if it satisfies the following local hidden variable (LHV) model$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p(a,b|x,y)=\sum _{\lambda }\,p(\lambda )p(a|x,\lambda )p(b|y,\lambda ),$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda $$\end{document}$ is the value of the shared hidden variable characterized by the probability distribution $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p(\lambda )$$\end{document}$, $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p(a|x,\lambda )$$\end{document}$ and $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$p(b|y,\lambda )$$\end{document}$ are marginal probabilities if the shared common variable is $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\lambda $$\end{document}$^[@CR16],[@CR17]^.

The nonlocality of multipartite scenario is more difficult to research than the nonlocality of bipartite scenario, since it has a much more complex structure. For three parties, say Alice, Bob and Clare. Denote *x*, *y*, *z* their measurement settings and *a*, *b*, *c* the corresponding measurements outcomes, respectively. There are some different definitions of tripartite nonlocality. Tripartite scenario is generalized from the bipartite scenario by$$\documentclass[12pt]{minimal}
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Svetlichny proposed the conception of genuine tripartite nonlocality, which is a more precious resource when three parties share some common nonlocal resource^[@CR18]^. By Svetlichny's definition, a tripartite correlation is called to be local if it admits the following so-called *S*~2~ local LHV model$$\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$$\begin{array}{rcl}p(a,b,c|x,y,z) & = & \sum _{\lambda }\,p(\lambda )p(a|x,\lambda )p(b,c|y,z,\lambda )\\  &  & +\,\sum _{\mu }\,p(\mu )p(b|y,\mu )p(a,c|x,z,\mu )\\  &  & +\,\sum _{\nu }\,p(\nu )p(c|z,\nu )p(a,b|x,y,\nu ),\end{array}$$\end{document}$$where $\documentclass[12pt]{minimal}
                \usepackage{amsmath}
                \usepackage{wasysym} 
                \usepackage{amsfonts} 
                \usepackage{amssymb} 
                \usepackage{amsbsy}
                \usepackage{mathrsfs}
                \usepackage{upgreek}
                \setlength{\oddsidemargin}{-69pt}
                \begin{document}$${\sum }_{\lambda }\,p(\lambda )+{\sum }_{\mu }\,p(\mu )+{\sum }_{\nu }\,p(\nu )=1$$\end{document}$. An important way to detect the genuine tripartite nonlocality is to analyze through the amount of maximal violation of the Svetlichny inequality. The amount of maximal violation of the Svetlichny inequality is a widely used measure for quantifying the genuine tripartite nonlocality. As a matter of fact, even in the the simplest multipartite systems, the genuine nonlocality of three-qubit states is not completely understood.

In this paper, our purpose is to analyze the genuine nonlocality in a triple JCM with the two types of GHZ-like states as initial states.

To be read conveniently, we briefly review the tripartite Bell scenario and Svetlichny inequality, see ref. ^[@CR16]^ for more details.

Suppose there is a three-qubit quantum system shared by three parties, say, Alice, Bob and Clare. We assume the two measurement observables for Alice are $\documentclass[12pt]{minimal}
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If the correlations obtained by a three-qubit state $\documentclass[12pt]{minimal}
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The following theorem and lemma are essential for our calculating.

### Theorem 1. {#FPar1}
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### Lemma 1. {#FPar2}
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Genuine nonlocality of the \|Φ~*ABC*~〉 type GHZ-like state {#Sec4}
-----------------------------------------------------------
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Next, we will investigate the genuine nonlocality of the subsystems of atoms and cavities. Since the atoms $\documentclass[12pt]{minimal}
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As for the explicit entities can be obtained from ref. ^[@CR13]^ and we leave them out here.
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Next we need to solve the maximum problem of $\documentclass[12pt]{minimal}
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Genuine nonlocality of the \|Ψ~*ABC*~〉 type GHZ-like state {#Sec5}
-----------------------------------------------------------
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Discussion {#Sec6}
==========

We investigate the genuine nonlocality dynamics in a triple Jaynes-Cummings model with the two types of GHZ-like states as initial states based on the violation of the Svetlichny inequality. We calculate and get the exact analytical expressions for all inequivalent non-interaction subsystems. For the two types of GHZ-like states as initial states, we know there are certain time intervals and angles $\documentclass[12pt]{minimal}
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